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EVOLUTION OF SEDIMENTARY BASINS—UINTA AND PICEANCE BASINS

Late Paleozoic Structure of the Southern Part of the
Uinta Basin, Utah, from Seismic Reflection Data

By Christopher ). Potter, Rex Tang!, and Timothy ). Hainsworth?

Abstract

Seismic reflection data from the southern part of the
Uinta basin near Price, Utah, reveal a network of late Paleo-
zoic faults that produced abrupt variations in stratigraphic
thicknesses in a structurally complex 30-mi (48 km)-wide
northwest-southeast-trending trough. This zone is west of the
ancestral Uncompahgre uplift, north of the Emery uplift, and
east of the Oquirrh basin. In this zone, Pennsylvanian and Per-
mian clastic rocks locally are several thousand feet thicker than
in directly adjacent areas to the north and south.

Faults that displaced strata below the Kaibab Limestone
but did not displace the Kaibab were active between Chester-
ian (top of Doughnut Formation) and Leonardian (Kaibab Lime-
stone) time. High-angle reverse and normal faults occur in a
block-faulting pattern similar to that observed in upper Paleo-
zoic rocks in the Piceance basin in northwestern Colorado;
thrust faults occur in a local north-south-trending belt. In local-
ized zones of strong Mesozoic and (or) Cenozoic reactivation
of the late Paleozoic faults, original fault styles are not clear.

West of Price, along the northern edge of the Emery
uplift, the principal Paleozoic faults are northwest-striking,
northeast-directed reverse faults that have as much as 5,000 ft
(1,525 m) of throw. This fault set is almost colinear with the
Uncompahgre fault (which also underwent late Paleozoic
reverse movement) but dips in the opposite direction. Pennsyl-
vanian rocks are locally absent on reverse-fault-bounded struc-
tural highs. Steep northwest-striking normal faults are also
present,

East and northeast of Price, west-directed thrust faults
(and several east-directed backthrusts) controlled late Paleo-
zoic deformation. High-angle reverse and normal faults are
also present.

The major northwest-striking reverse faults and the west-
directed thrusts accommodated displacements that are com-
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patible with late Paleozoic oblique sinistral-reverse slip on the
Uncompahgre fault. The major reverse faults record a shorten-
ing direction parallel to that associated with the Uncompahgre
fault. The west-directed thrust faults probably formed in
response to the strike-slip component of movement of the
Uncompahgre block as it moved west against the late Paleo-
zoic basin. The probable genetic tie between the Uncom-
pahgre fault and faults in the study area implies that the latter
faults were most active during Desmoinesian time. Northwest-
trending normal faults may record a relaxation of regional
compressive stresses following Ancestral Rockies orogenesis.
This interpretation relates all of these late Paleozoic faults to
Ancestral Rockies tectonism. Most of the late Paleozoic faults
in the study area have undergone only minor post-Paleozoic
reactivation or deformation, although major Mesozoic and
Cenozoic reactivation locally has occurred.

INTRODUCTION

Regional unconformities and thick sedimentary basins in
the central Rocky Mountains, Colorado Plateau, and north-
eastern part of the Great Basin preserve an impressive record
of late Paleozoic (“Ancestral Rockies”) orogenesis, but
many regional structures of this age have been obscured by
younger tectonism, basin development, and volcanism.
With few exceptions, major late Paleozoic faults at the mar-
gins of Precambrian exposures have been reactivated or
overprinted by Laramide-age (Late Cretaceous to Eocene) or
younger faults. In order to understand late Paleozoic fault-
ing, it is necessary to separate younger movement from
Paleozoic movement or to identify unreactivated Paleozoic
structures. Identification of late Paleozoic faults that have
not been reactivated (or have undergone only minor reacti-
vation) is best accomplished using subsurface (well and seis-
mic) data (for example, Frahme and Vaughn, 1983). In this
study, seismic reflection data from the southern part of the
Uinta basin, near Price, Utah, are used to illustrate the style
of late Paleozoic deformation northwest of the ancestral
Uncompahgre uplift.

Late Paleozoic Structure, Southern Uinta Basin, Utah V1



11° 110°

! UTAH |
UINTA MOUNTAINS
_/”—---~~‘\ \
=" Ny \ \
\ \\
Y ~
N —— } \\\-\
)\.«" \| ~. ”,’ \\\
/ \ I T~ Tertiary outcrop limit \
~ - - \
"E : \\ [ ’,4 \\\
© Rt RN St -
= II / Y/ | N
g / / I/ \
5 |\ v/ g
38 * —_—
g ] UINTA BASIN
40° |— ;\/
/
39°

0 50 MILES
1

1
0 100 KILOMETERS

Figure 1. Regional geologic setting of the study area (screened pattern), northeastern Utah. CCG, Clear Creek graben; FCG, Fish
Creek graben.
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REGIONAL SETTING

The study area (fig. 1) is on the south flank of the
Laramide-age Uinta basin, directly north of the San Rafael
swell. Tertiary faults (for example, the Clear Creek and Fish
Creek grabens; Osmond, 1965), as well as numerous late
Paleozoic fault blocks and small basins that can be defined
on seismic reflection data (this report), are present in the
area. The Paleozoic basins and faults accommodated
displacements in a zone bounded by four major late
Paleozoic geologic features: the ancestral Uncompahgre
uplift, the Emery uplift, the Paradox basin, and the Oquirrh
basin (fig. 2). Buried late Paleozoic faults have also been
identified in seismic data from the Piceance basin of
northwestern Colorado, northeast of the Uncompahgre uplift
(Waechter and Johnson, 1985), and the San Juan Basin of
northwestern New Mexico (Huffman and Taylor, 1989).
The style and regional significance of buried late Paleozoic
structures in the study area are examined in this report.

The late Paleozoic faults that bound the ancestral
Uncompahgre uplift (fig. 2) can be traced into the study area
in the subsurface (Stone, 1977). The Uncompahgre fault, on
the southwest side of the uplift, underwent southwest-
directed reverse motion in late Paleozoic time (Frahme and
Vaughn, 1983; White and Jacobsen, 1983). Stone (1977)
inferred that there was also a significant left-lateral compo-
nent to late Paleozoic displacement on the Uncompahgre
fault, whereas Stevenson and Baars (1986) argued for right-
lateral motion. The Garmesa fault forms the northeast
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Figure 2. Late Paleozoic geologic setting of the study area in
the southern part of the Uinta basin, Utah.

boundary of the uplift. It underwent much less displacement
than the Uncompahgre fault; movement was oblique, domi-
nated by left-lateral slip (Stone, 1977). Late Paleozoic dis-
placements on these faults diminished to zero within, or just
east of, the study area, where displacements were accommo-
dated along a system of intersecting shorter faults. Laramide
reactivation occurred along the Garmesa fault, east of the
study area (Osmond, 1965), but apparently did not oc¢cur
along the northwestern part of the Uncompahgre fault (Hey-
man, 1983).

Szabo and Wengerd (1975) documented a subsurface late
Paleozoic fold and fault belt striking N. 60° W. beneath the
Paradox basin adjacent to the south flank of Uncompahgre
uplift. The northwestern end of this belt merges into the
“Price graben” of Szabo and Wengerd (1975) between Green
River and Price. The ‘“Price graben” formed in late Paleo-
zoic time and is bounded on the northeast by the
Uncompahgre fault and on the southwest by the Emery fault
(fig. 2) (Szabo and Wengerd, 1975); part of it occupies the
southeastern part of the study area. The present study indi-
cates that it is not a true graben and that the late Paleozoic
structure of the Price area is more complex than that por-
trayed by Szabo and Wengerd (1975).

Hite (1975) documented a northeast-striking fault set in
the Paradox basin and presented evidence for left-lateral dis-
placement along these faults. Some of this displacement is
clearly Jurassic or younger, but the earlier history of this
fault set is poorly understood (Hite, 1975).

Southwest of Price, the Emery fault, oriented approxi-
mately N. 30° W., forms the northeastern boundary of the
late Paleozoic Emery uplift (Szabo and Wengerd, 1975) (fig.
2). Several N. 60° W.-trending faults developed within the
Emery uplift, oblique to the Emery fault (Szabo and Wen-
gerd, 1975).

The San Rafael swell (fig. 1) developed during the Lara-
mide across the grain of the Emery uplift. Laramide defor-
mation is responsible for the present northerly regional dip in
the study area, which is at the north-plunging end of the San
Rafael swell and on the north-dipping south flank of the
Uinta basin. Younger fault zones are prominent in the west-
ern part of the study area on the Wasatch Plateau. These
include the north-trending Clear Creek graben and the north-
west-trending Fish Creek graben (Osmond, 1965) (fig. 1).
The seismic data examined in this study demonstrate that the
Fish Creek graben reactivated late Paleozoic faults.

Regional Late Paleozoic Stratigraphy;
Correlation With Reflection Data

A stratigraphic column for the upper Paleozoic rocks of
the study area is shown in figure 3. These strata are pene-
trated by deep wells at several locations, and key reflections
from this interval can be traced on seismic reflection lines
that can be tied to these wells (fig. 4). Identifications of key
stratigraphic horizons were calibrated using sonic logs and
velocity surveys in the wells.

The deepest Paleozoic reflector generally recognized in
the area is the top of the Mississippian carbonate rocks
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Figure 3. Upper Paleozoic stratigraphy of the study area in the southern part of the Uinta basin, Utah.

correlative with the Redwall and Leadville Limestones.
Franczyk (in press) uses the term Madison Limestone in the
area north of the Emery uplift, and the name Deseret Lime-
stone is commonly used in industry logs of well and seismic
data in the vicinity of Price. These rocks will be called Red-
wall in this report, following Hintze (1988). On the seismic
lines examined in this study, the Redwall reflection (lines
EU-5 and EU-9, plate 1) is a doublet that cannot be traced
entirely across any of the seismic lines, probably because of
signal penetration problems. The relatively unreflective
interval above the Redwall represents the Humbug Forma-
tion and the Doughnut Formation (commonly referred to as
the Manning Canyon Shale on well logs in the study area).
A well-defined doublet at the base of an overlying set of
banded reflections (lines EU-5 and EU-9, plate 1) marks the
top of the Doughnut. The banded reflection sequence corre-
sponds to mixed clastic and carbonate rocks of the Pennsyl-
vanian and Permian “undifferentiated Weber and Morgan
Formations” (Franczyk, in press). A prominent reflection
from the Kaibab Limestone (of Leonardian and locally
Guadalupian age; Hintze, 1988) lies above the Weber and
Morgan reflections.

In this study, local thickness variations are documented
in the interval between the Doughnut and Kaibab reflections
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other parts of the study area, but in most cases the late
Paleozoic structures have not been greatly modified by
younger faulting.

DISCUSSION

Fault patterns in the study area present a complex picture
dominated by high-angle (block) faulting in the western part
of the study area and by thrust faulting in the eastern part.
Reverse and thrust faulting are predominant, but normal
faults are locally important.

A distinctive style of faulting is associated with each of
the two Ancestral Rockies uplifts that bound the study area.
Northwest-striking, steeply southwest-dipping reverse faults
bound the Emery uplift on its northern and northeastern
sides, whereas a north-striking, west-directed local thrust
system bounds the ancestral Uncompahgre uplift at its north-
west end. The other faults may comprise an interference pat-
tern between these two principal zones, as will be discussed
later in this section.

The northwesterly strike of reverse faults that step off the
north end of the Emery uplift is almost parallel to the strike
of the Uncompahgre fault, known to be a major late Paleo-
zoic reverse fault (fig. 9). The faults are also parallel to the
N. 60° W .-striking faults documented by Szabo and Weng-
erd (1975) within the Emery uplift.  Although the
Uncompahgre fault dips northeast and the faults north of the
Emery uplift dip southwest, the orientation of all of these
faults is compatible with regional northeast-southwest short-
-ening.

West-directed thrusting at the northwest end of the
Uncompahgre uplift requires that the Uncompahgre block
moved west with respect to the late Paleozoic sedimentary
basin in the study area. Such movement agrees with Stone's
(1977) conclusion that the Uncompahgre fault experienced
significant strike-slip motion in addition to its well-
documented reverse slip (Frahme and Vaughn, 1983).
Several miles of left-lateral motion on the Uncompahgre
fault could have been transferred to the west-directed thrust
system, in which shortening occurred in front of the west-
driven Uncompahgre uplift.

The curved fault pattern north and northwest of Helper is
part of a complex zone of accommodation between the
Uncompahgre and Emery uplifts. The two uplifts are
bounded by en echelon reverse fault zones (fig. 9) that
require either a strike-slip zone or a complex curved fault
zone between the two uplifts. Northwest-southeast motion
of the Uncompahgre or Emery blocks would further compli-
cate the structure in the intervening region. Along the curved
faults north and northwest of Helper, high-angle reverse dis-
placement (and local low-angle thrusting) occurred on east
to northwesterly striking segments. Individual reverse faults
pass into low-angle thrusts at their southeast ends; to the
south, this fault geometry is replaced by the north-south
thrust system described above. The curved faults in this
accommodation zone appear to have been flattened and
rotated toward the orientation of the north-south thrust sys-
tem; such rotation is a further expression of shortening asso-

ciated with northwesterly movement of the ancestral
Uncompahgre uplift.

The fault pattern in and near the study area is consistent
with a general northeast-southwest orientation for regional
compression. Slight variations in the regional stress field
during Pennsylvanian and Permian time could have pro-
duced alternating reverse and strike-slip motion on major
pre-existing zones of weakness that trend about N. 60° W.
(For example, regional compression oriented between N. 45°
E. and N. 15° E. could produce reverse displacement on the
Uncompahgre fault and the northwesterly trending faults
north of the Emery uplift; easterly excursions of regional
compression direction would produce sinistral strike slip on
the same faults.) The reflection data provide information
only on dip-slip motion; there may have been a considerable
strike-slip component of motion on some of the northwest-
erly striking subsurface faults in the study area.

Normal faults are also present, both parallel and orthog-
onal to the dominantly northwest trends of the reverse faults.
Northeasterly striking normal faults are compatible with the
northeast-southwest regional compression direction pro-
posed above. The northwesterly striking normal faults may
have developed in response to “post-Ancestral Rockies”
(and pre-Kaibab) relaxation of the northeast-southwest com-
pression. It is also possible that movement on some of these
faults included a strike-slip component.

It is difficult to closely constrain the timing of movement
on the late Paleozoic faults discussed here. The faults dis-
place reflectors correlated with the Meramecian and
Chesterian Doughnut Formation and do not offset reflectors
correlated with the Leonardian Kaibab Limestone. In exam-
ples cited above, local unconformities (surfaces of truncation
and onlap) were identified within the banded reflection zone
in the Weber and Morgan Formations; these are surfaces of
erosion and (or) nondeposition above fault blocks and are
overlain by reflectors that are not affected by the late Paleo-
zoic faulting. The Pl reflection is stratigraphically higher
than almost all of these local unconformities and postdates
most of the faults. If the Pl reflector marks the top of the Vir-
gilian and Wolfcampian interbedded carbonate and clastic
sequence, as suggested above, almost all of the late Paleo-
zoic faulting would have to be pre-Wolfcampian. Relation-
ships near fault A on line EU-5, illustrated in plate 1, are the
only examples of slightly younger Permian deformation
cited here. Thus, the late Paleozoic faulting in the study area
was certainly post-Chesterian and pre-Leonardian and prob-
ably pre-Wolfcampian in most cases. If, as suggested above,
the faults are genetically tied to the displacement on the
Uncompahgre fault, they were most active in Desmoinesian
time because Desmoinesian sedimentation patterns strongly
suggest that the Uncompahgre uplift was rising most rapidly
at this time (Szabo and Wengerd, 1975; S.Y. Johnson, U.S.
Geological Survey, written commun., 1990).

Kluth and Coney (1981) interpreted Ancestral Rock-
ies orogenesis as the remote foreland expression of the
Ouachita-Marathon orogeny, which was produced by
collision between South America—-Africa and a peninsular
projection of the North American craton. Budnick (1986)
proposed that the Ancestral Rockies were formed along the
Wichita megashear in response to the collision of eastern
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North America with Africa (Alleghanian orogeny). These
two models have different kinematic implications for the
structures in and near the study area (Budnick, 1986). A
right-lateral component of displacement on northwesterly
striking faults would be consistent with the Kluth and Coney
model, whereas a left-lateral component of displacement
would be consistent with the Budnick model. Because the
study area is small, the buried fault patterns cannot rule out
either model; however, the fault patterns are most compati-
ble with the model of Budnick (1986), which requires left-
lateral shear along northwesterly trending faults and east- to
northeast-directed compression. The relevant observations
in the study area include the reverse component of move-
ment on northwesterly striking faults and the local north-
south thrust belt that provides evidence for westward motion
of the Uncompahgre block relative to the Paleozoic sedimen-
tary rocks in the Price area. This study produced no evi-
dence, however, that the Uncompahgre fault and the study
area are part of a megashear along which 72-93 mi (120-150
km) of left-lateral displacement occurred, as suggested by
Budnick (1986). Instead, our analysis implies that strike-slip
displacement on the Uncompahgre fault was probably less
than 6 mi (10 km).
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